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ANTISFNSF THFRAPY FOR FIORMONF-RFGULATFD TUMORS 

This application claims priority from US Provisional Application No. 
60 ' 1 44,495 filed July 19, 1999, which is incorporated herein by reference. 

Backg rou nd of the Invention 
5 This application relates to the treatment of hormone-regulated tumors (for 

example, breast and prostate tumors), making use of an antisense oligonucleotide that 
binds to insulin-like growth factor binding protein (IGFBP)-5. 

Prostate cancer is the most common cancer that affects men, and the second 
leading cause of cancer deaths in men in the Western world. Because prostate cancer 

10 is an androgen-sensitive tumor, androgen withdrawal, for example via castration, is 

utilized in some therapeutic regimens for patients with advanced prostate cancer. 
Androgen withdrawal leads to extensive apoptosis in the prostate tumor, and hence to 
a regression of the disease. However, castration-induced apoptosis is not complete, 
and a progression of surviving tumor cells to androgen-independence ultimately 

15 occurs. This progression is the main obstacle to improving survival and quality of 

life, and efforts have therefore been made to target androgen-independent cells. These 
efforts have focused on non-hormonal therapies targeted against androgen- 
independent tumor cells, however thusfar no non-hormonal agent has improved 
survival. Ohetal../ Urol 160: 1 220- 1229 ( 1998) Alternative approaches are 

20 therefore indicated. 

Insulin-like growth factor (IGF)-I and IGF-Ii are potent mitogens for many 
normal and malignant cells. Accumulating evidence suggests that IGFs play an 
important role in the pathophysiology of prostatic disease and breast cancer. Boudon 
et al., J. Clin. Endocnn. Metab. 81: 612-617 (1996): Angello7-Nicoud et ah, 

25 Endocrinology 13b: 54S5-5492 ( l l )95); Nickerson et ah. Endocrinology 139; 807-810 

(1998): Figueroa et al.../. i'ro!. 159; 1579-1383(1998). 

The biological response to IGF's is regulated by various factors, including 
lGFBPs. To date, six lGFBPs have been identified whose function is believed to 
involve modulation of the biological actions of the IGFs through high affinity 

30 interactions. Rajaram et al., Endocrin. Rev 18:801-813 (1997). However, some 



WO 01/05435 



PCT'CAOO 00853 



evidence suggests biological activity for IGFBPs that are independent of IGFs, Id., 
Andress et al , J Biol Chem. 267: 2246^-22472 (1992); Oh et al , ./. Biol Chem. 268: 
] 4964.]4g7] (1993), and both stimulatory and inhibitory effects of IGFBPs on cell 
proliferation have been reported under various experimental conditions. Andress et 

5 al., surra: Elgin et al.. Proc. Nat 7 Acad Sci (USA), 84, 3254-3258 (1987); Huynh et 

al.,7 Riot. Chem. 271: 1016-1021 (1996); Damon et al., Endocrinology 139: 3456- 
3464 ( 1998i Thus, the precise function role of IGFBPs remains controversial. 
Because of this, while the reported results implicate IGF in prostate and breast cancer, 
they do not clearly suggest a therapeutic approach based upon this involvement. 

10 The present invention utilizes antisense oligodeoxynucleotides (ODNs) 

targeted to IGFBP-5 as a treatment for prostate and breast cancer. Antisense ODNs 
are chemically modified stretches of single-stranded DNA that are complementary to 
mRNA regions of a target gene, and thereby effectively inhibit gene expression by 
forming RNA/DNA duplexes. Figueroa, et al., /. Urol, 159: 1379-1383 (1998). 

1 5 Phosphorothioate ODNs are stabilized to resist nuclease digestion by substituting one 

of the nonbridging phosphoryl oxygen of DNA with a sulfur. Recently, several 
antisense ODNs specifically targeted against genes involved in neoplastic progression 
have been evaluated both in vitro and in vivo, and demonstrated the efficacy of 
antisense strategy as potential therapeutic agents. Monia, et ah Nature Med. 2: 668- 

20 675 (1996.); Cucco. et ah, Cancer Res. 56: 4332-4337 ( 1 996); Ziegier, et al.,7. Natl. 

Cancer Inst. 89: 1027-1036 (1997); Jansen, et al., Nature Med 4: 232-234 ( 1998). 

Su mmary o f the In vention 

The present invention provides a method for treating hormone-regulated 

25 tumors (for example, breast and prostatic tumors) in mammals, including humans, by 

administration of an antisense ODN which is complementary to a portion of the gene 
encoding IGFBP-5. I 'sing the Shionogi tumor model ;>; vitro and in vivo, the 
administration of such an ODN was shown to reduce proliferation of tumor cells, and 
also to delay the progression to androgen independence. Thus, in accordance with the 

30 invention we provide methods for treatment of prostate cancer in mammals, including 

humans, and for delaying the progression of prostate tumors to androgen 
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independence comprising the step of administering to the mammal a therapeutically 
effective amount of an antisense oligodeoxv nucleotide which is complementary to a 
portion of the nucleic acid sequence encoding IGFBP-5 and which hybridizes with 
such a sequence to inhibit expression of IGFBP-5. Specific antisense ODN's which 
are suitable for use in the method are GACCACGCTGATCACCAT (Seq. ID. No. 1), 
which is derived from the murine gene sequence, and CGCGGTGAGCAACACCAT 
(Seq. ID. No. 3) and AGGTCA FGCAGCAGCCGC (Seq. ID No 4), which are derived 
from the human gene sequence. 

_H_r_ i e f Descn pt ion o f The Fig ure s 

Fig. 1 shows the effects of antisense IGFBP-5 ODN in decreasing the regrowth 
of tumor cells following surgical androgen withdrawal; 

Fig. 2 shows the reduction in IGFBP-5 mRNA following treatment with 
antisense IGFBP-5 ODN in v/vo; 

Fig. 3 show s the dosage-dependence of the reduction in IGFBP-5 mRNA 
following treatment with antisense IGFBP-5 ODN in vitro; 

Fig. 4 shows the number of cells present following treatment w ith antisense 
IGFBP-5 ODN as a function of time; 

Fig. 5 shows the number of cells present follow ing treatment with antisense 
IGFBP-5 ODN as a function of concentration; 

Fig.. 6 shows the proportion of dead cells in a sample treated with antisense 
IGFBP-5 ODN; 

Fig. 7 shows the effects of antisense IGFBP-5 ODN in relation to IGF- 1 and 
anti-IGF-1 antibody; 

Fig. 8 shows flow cytometry results for cells treated with antisense IGFBP-5 

ODN; 

Fig. 0 shows a schematic representation of the nucleotide sequence for 
human IGBFP-5. with the locations of 10 antisense ODVs indicated; and 

Fig. 10 show s a effect of each of the 10 antisense ODN's indicated in Fig. 9 
on IGBFP-5 mRNA levels. 
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Detaile d Descri p tion of The Invention 

The present invention provides a method tor delaying the progression of 
hormone-regulated (prostatic or breast) tumor cells to hormone (e.g. androgen or 
estrogen) independence, a therapeutic method for the treatment of individuals, 

5 including humans, suffering from hormone regulated cancers, such as breast or 

prostate cancer, and therapeutic agents effective for use in such methods. In addition, 
the compositions of the invention can he used to inhibit or delay the growth and 
metastatic progression of prostate, breast and other IGF- 1 sensitiv e tumors in bone. 
The therapeutic method of the invention will most commonly be used in the treatment 

10 of individuals with advanced breast or prostate cancer. 

In accordance with a first embodiment of the invention, the progression of 
androgen-sensitive prostatic cancer cells to androgen-independence can be delayed by 
inhibiting the expression of 1GFBP-5 by the cells. Experiments were performed in 
vitro and in vivo in the Shionogi tumor model. The Shionogi tumor model is a 

15 xenograft of an androgcn-dcpcndcnt mouse mammary carcinmoa that grows 

subcutaneously in male syngeneic hosts. Shionogi tumor cells are highly tumorigenic 
and locally invasive. The cells have been shown to respond to androgen withdrawal 
in a manner which mimics the observed behavior of prostatic tumor ceils, and have 
been accepted as a valid model for prostate cancer in humans. (Bruchovsky et al., 

20 Cancer Res. 50: 2275-2282 ( 1 990); Renme et al.. Cancer res. 48: 6309-63 1 2 (1988); 

Bruchovsky et al.. Cell 13: 272-280 (1978); Gleavc et al., in Genitourinary* Oncology: 
pp. 367-378, Lange et al. eds., Lippencott ( 1 997); G leave et al., ./. Urol. 157: 1727- 
1730 (1997); Bruchovsky et al.. The Prostate 6: 13-21 (1996). Thus, androgen 
withdrawal precipitates apoptosis and tumor regression in a highly reproducible 

25 manner. Further, changes in expression of peptides such as TRPM-2 and Bcl-2 in 

human prostate cancer following castration and during progression to androgen- 
independence are similar to those observed in Shionogi tumor cells. Because of these 
similarities, the Shionogi tumor model mimics human prostate cancer and provides a 
very useful model for the evaluation of the ability of compounds to delay the onset of 

30 androgen-independence. Despite complete tumor regression after castration, rapidly 

growing androgen-independent Shionogi tumors invariably rectir after one month. 
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which provides a reliable end point to evaluate agents which can delay the progression 
to androgen- independence. 

In the study leading to the present invention, we initially characterized the 
changes of IGFBPs expression in the Shionugi tumor model after castration and 
during AI progression. Northern blot analyses were used to characterize chances in 
KiFBPs mRNA expression in AD intact tumors before castration, regressing tumors 4 
and 7 days after castration, and AI recurrent tumors 28 days after castration. Various 
patterns of changes in IGFBP-2, -3, -4, and -5 mRNA expression were observed. 
IGFBP-1 and IGFBP-6 mRNAs are undetectable in the Shionogi tumor model. Of the 
IGFBPs expressed in Shionogi tumors, the most dramatic changes in expression were 
observed with IGFBP-5. Despite undetectable levels in AD intact tumors, IGFBP-5 
expression is highly upregulated after castration, and remains highly expressed in AI 
tumors. The pattern of IGFBP-5 upregulation in the Shionogi tumor model dunm AI 
progression is similar to that in rat prostate (Angelloz-Nicoud, supra) ^ and human 
prostate cancer (Figueroa, supra), and therefore supports use of this model to evaluate 
the effect of adjuvant antisense IGFBP-5 therapy on progression to androgen- 
in dependence. 

To study the functional significance of this upregulation, we tested the effects 
of antisense IGFBP-5 ODN on IGF- 1 mediated cell growth both in vitro and in vivo 
using the Shionogi tumor model. These tests were carried out using an antisense 
ODN directed against the murine IGFBP-5 gene. These experiments showed that 
phosphorothioate antisense IGFBP-5 ODN corresponding to the mouse IGFBP-5 
translation initiation site inhibited expression of IGFBP-5 mRNA in a dose-dependent 
manner. Sequence specificity was confirmed using a 2-base IGFBP-5 mismatch ODN. 
which had no effects on IGFBP-5 mRNA expression in Shionogi tumor cells. 
Furthermore, we demonstrated that antisense IGFBP-5 ODN decreased IGFBP-* 
expression in a target specific manner, that is. the expression of other mRNAs, 
including IGFBP-2, -3, and -4, were not affected by antisense IGFBP-5 ODN 
treatment. 

Antisense IGFBP-5 ODN inhibits cell proliferation and induces cell cycle 
arrest in Shionogi Uimor cells in a time- and dose-dependent manner. Antisense 
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IGFBP-5 ODN treatment does not appear to induce apoptosis either in vitro or in vivo, 
which suggests that antisense IGFBP-5 ODN activity occurs via inhibition of cell 
proliferation rather than induction of apoptosis. Further, it was observed that the 
growth-inhibitory effects of antisense IGFBP-5 ODN can be reversed by exogenous 
5 IGF- 1 and that antisense IGFBP-5 ODN treatment caused no additional inhibition of 

cell proliferation when IGF- 1 activity was neutralized by anti-IGF-1 antibodies. We 
also found that antisense IGFBP-5 ODN inhibited MAPK activity, that this inhibition 
could also be reversed by exogenous IGF- 1 , and that antisense IGFBP-5 ODN had no 
independent inhibitory effect on MAPK activity when IGF- 1 was neutralized by anti- 

10 IGF- 1 antibodies. Collectively, these findings demonstrate that antisense IGFBP-5 

ODN inhibited the cell proliferation, at least in part, through an IGF-I-dependent 
mechanism involving inactivation of MAPK. 

Based on this in vitro data, we hypothesized that targeting KjFBP-!> 
upregulation precipitated by androgen using antisense strategy might inhibit 

15 progression to androgen-independence. In our in vivo experiments, administration of 

antisense IGFBP-5 ODN after castration delayed time to AI progression and inhibited 
AI recurrent tumor growth. Consistent with our in vitro treatments, in vivo treatment 
of mice bearing Shionogi tumors with antisense IGFBP-5 ODN also inhibited the 
IGFBP-5 mRNA expression. These findings illustrate that in vivo systemic 

20 administration of ODN can result in sequence specific down-regulation of a target 

gene in tumor cells. 

Although insulin-like growth factor (IGF) binding protein-5 (IGFBP-5) is 
highly up-regulated in normal and malignant prostate tissues after androgen 
withdrawal, its functional role in castration-induced apoptosis and androgen- 

25 independent progression remains undefined. To analyze the functional significance of 

IGFBP-5 overexpression in IGF-I-mediated mitogenesis and progression to androgen- 
independence, IGFBP-5-overexpressing human androgen -dependent LNCaP prostate 
cancer cells were generated by stable transection. The growth rates of IGFBP-5 
transfected LNCaP cells were significantly faster compared to either the parental or 

30 vector-only transfected LNCaP cells in both the presence and absence of 

dihydrotestosterone. IGFBP-5-induced increases in LNCaP cell proliferation occurs 
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through both IGF~I-dependent and -independent pathways, with corresponding 
increases in the cychn Dl mRNA expression and the fraction of cells in S G2/M 
phases of the cell cycle. Changes in Akt/protein kinase B (PKB), a downstream 
component of phosphatidy linositol 3'-ktnase (PI3K) pathway, in the LNCaP sublines 

5 also paralleled changes in their growth rates. Although treatment with a PI3K inhibitor 

induced apoptosis in both control and IGFBP-5-overexpressmg LNCaP cells, this 
PI3K inhibitor-induced apoptosis was prevented by exogenous IGF-1 treatment only in 
IGFBP-5 transfectants, suggesting that IGFBP-5 overexpression can potentiate the 
antiapoptotic effects of IGF-I. Furthermore, tumor growth and serum PSA levels 

10 increased several fold faster in mice bearing IGFBP-5-transfected LNCaP tumors after 

castration despite having similar tumor incidence and tumor growth rates with 
controls when grown in intact mice before castration. Collectively, these data suggest 
that IGFBP-5 overexpression in prostate cancer cells after castration is an adaptive 
cell survival mechanism that helps potentiate the antiapoptotic and mitogenic effects 

1 5 of IGF-I, thereby accelerating progression to androgen-independence through 

activation of the PI3K-Akt/PKi3 signaling pathway. 

A rational strategy to delay AI progression should be based on molecular 
mechanisms and would target the adaptive changes in gene expression precipitated by 
androgen withdrawal, rather than the conventional approach of treating patients with 

20 established hormone refractory disease. Integration and appropriate timing of 

combination therapies, based on biological mechanism of progression and castration- 
induced changes in gene expression, may provide means to inhibit Al progression in a 
major way. The present study provides direct evidence to support a functional role for 
IGFBP-5 in Al progression, and that reduction of IGFBP-5 gene expression using 

25 antisense IGFBP-5 ODN delays recurrence and growth of Al tumors. 

The treatment of the present invention can be used individually. However, the 
antisense ODNs are preferably utilized in combination with other therapies, that result 
in androgen-withdrawal. Thus, in accordance a further aspect of with the invention, 
therapeutic treatment of individuals, including human individuals, suffering from 

30 prostate cancer is achieved by initiating androgen-withdrawal to induce apoptotic cell 

death of prostatic tumor cells in the individual, and administering to the individual a 
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composition effective to inhibit expression of IGBFP-5 by the tumor ceils, thereby 
delaying the progression of prostatic tumor cells to an androgen-mdependent state in 
an individual. In view of the expression of IGFBP-5 in bone, IGF- 1 and KiFBP-5 
mediated tumor cells growth may also play a substantial role in promoting growth of 
5 KjF-1 sensitive metastatic tumor cells in bone. This growth can be prevented through 

the use of the antisense IGBFP-5 ODN of the invention, thus inhibiting or delaying 
the progression of metastatic disease. 

Initiation of androgen withdrawal may be accomplished via surgical (removal 
of both testicles) or medical (drug-induced suppression of testosterone) castration, 

10 which is currently indicated for treatment of prostate cancer. Medical castration can 

be achieved with various regimens, including LHRH agents and antiandrogens. 
Cleave et al. CMAJ 160: 225-232 (1999). Intermittent therapy in which reversible 
androgen withdrawal is effected is described in Gleave et al. Eur. Urol. 34, Supp 3: 
37-4 1 91998). Hormone w ithdrawal in the case of breast cancer can be achieved 

1 5 through drug therapy with anti-estrogenics such as tamoxifen. 

The inhibition of IGBFP-5 expression may be transient, and should occur 
following androgen withdrawal. In humans, this means that inhibition of expression 
should be effective starting within weeks of androgen withdrawal and extending for 
about 3 to 6 months. This may require multiple doses to accomplish. It will be 

20 appreciated, however, that the period of time may be more prolonged, starting before 

castration and expending for substantial time afterwards without departing from the 
scope of the invention. 

The ODN used in the tests described above and in the examples below (Seq. 
ID. No. 1 ) is complementary to a portion of the murine IGFBP-5 gene overlaps with 

25 the translation initiation site. Other ODN species might also be employed, including 

somewhat long or somewhat shorter ODN species (for example in the range of 15 to 
30 nt) that overlap with the translation initiation site, and ODN species that overlap 
with the translation termination sue. Intermediate ODN's may also be effective, and 
can be screened for their ability to provide adequate levels of IGFBP-5 inhibition 

30 using the expression assay described in the examples. In selecting the antisense ODN 

for use, it is desirable to avoid substantial complementarity with other IGFBPs, since 
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inhibition of expression of these other proteins might lead to undesirable side effects. 
The nucleic acid sequence of mouse IGFBP-5 from which such ODN can be derived 
is given by SFQ ID No. 13. 

To apply the invention in other mammals, including humans, therapeutic 
antisense ODNs are derived from the corresponding locations in the IGFBP-5 gene of 
the target species. For example, in the case of humans, the sequence of the IGFBP-5 
gene is known from Kieferetal., Biochem. Hiophvs Res. Commun 1 76: 219 (1991), 
Accession No. M65062 for human and James et al., J Biol Chem. 258: 22305 (1993), 
Accession No. LI 2447 for mouse. Fig. 10 shows the locations of several antisense 
ODNTs which were tested for the ability to inhibit expression of IGFBP-5 in humans 
has the sequence given by Seq. ID. No. 3. This ODN overlaps with the translation 
initiation site of human IGFBP-5. As in the case of the mouse model, other human 
therapeutic antisense ODNs may be employed, including somewhat long or somewhat 
shorter ODN species (for example in the range of 15 to 30 nt) that overlap with or are 
located near the translation initiation site (for example SEQ ID No. 4), and ODN 
species that overlap with the translation termination site (for example SEQ ID No. 
10). Intermediate ODN's may also be effective, and can be screened for their ability 
to provide adequate levels of IGFBP-5 inhibition using the expression assay described 
in the examples. In selecting the antisense ODN for use, it is desirable to avoid 
substantial complementarity with other IGFBPs, since inhibition of expression of 
these other proteins might lead to undesirable side effects. The complete sequence of 
human IGFBP-5 from which other antisense ODN can be derived is given by SFQ ID 
No. 14. SFQ ID Nos. 15-66 list additional antisense ODN sequences designed from 
the sequence of human IGFBP-5. 

The ODNs employed may be modified to increase the stability of the ODN in 
vivo. For example, the ODNs may be employed as phosphorothioate derivatives 
(replacement of a non-bridging phosphoryl oxyegns atoms with a sulfur atom) which 
have increased resistance to nuclease digestion. Increased ODN stability can also be 
achieved using molecules with 2-methoxyethyl substituted backbones. 

Administration of antisense ODNs can be carried out using the various 
mechanisms known in the art, including naked administration and administration in 



\V() 01/05435 



PC IX 'AOU/00853 



- 10 - 

pharmaceutically acceptable carriers. For example, lipid earners for antisense 
deliver\ are described in US Patents Nos. 5,85 5,91 1 and 5,417,978 which are 
incorporated herein by reference. In general, the antisense is administered by 
intravenous, intraperitoneal, subcutaneous or oral routes. 

The amount of antisense ODN administered is one effective to inhibit the 
expression of IGBFP-5 in breast cancer or prostatic cells. It will be appreciated that 
this amount will vary both with the effectiveness of the antisense ODN employed, and 
with the nature of any carrier used The determination of appropriate amounts for any 
given composition is within the skill in the art, through standard series of tests 
designed to assess appropriate therapeutic levels. . 

The method for treating prostate or breast cancer in accordance with the 
invention may further include administration of chemotherapy agents and/or 
additional antisense ODNs directed at different targets. For example, conventional 
chemotherapy agents such as taxol (paclitaxel or docitaxel) and mitoxanthrone may be 
used. Similarly, combinations of antisense IGFBP-5 ODN with other antisense 
species such as antisense Bcl-2 ODN or TRPM-2 ODN may be used. 

The invention will now be further described with reference to the following, 
non-limiting examples. 

EXAMPLE 1 

Shionogi tumor model experiments were performed using cells from the 
Toronto subline of transplantable SC-1 15 AD mouse mammary carcinoma, and 
maintained in Dulbecco's modified Eagle medium (Life Technologies, Inc., 
Gaithersburg. MD) supplemented with 5% heat-inactivated fetal calf serum. For in 
vivo studies, approximately 5 X 10 6 cells of the Shionogi carcinoma were injected 
subcutaneously in adult male DL) S strain mice. When the Shionogi tumors became 1 
to 2 cm in diameter, usually 2 to 3 weeks after injection, castration was performed 
through an abdominal incision under methoxy tlurane anesthesia. Details of the 
maintenance of mice, tumor stock and operative procedures have been previously 
described. Bruchovsky et at.. Cancer Res. 5); 2275-2282 (1990); Rennie et al.. 
Cancer Res 43: 6309-6312 (1988); Bruchovsky et al.. Cell 13:272-280 (1978). 
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Mice were randomly selected for treatment with murine phosphorothioate 
antisense LGFBP-5 ODN (Seq. ID No. I ) or a mismatch control having the sequence 
GACCACGCTCATGACCAT (Seq. ID No. 12) which is two bases different in 
sequence from the antisense IGFBP-5 ODN. Each experimental group consisted of 8 
mice. Beginning the day of castration, 1 5 mg/kg of antisense IGFBP-5 or mismatch 
control ODN were injected intraperitoneal ly once daily into each mouse for 50 days. 
Tumor volume was measured twice weekly, and calculated by the formula length X 
width X depth X 0.5236. Gleavc, Cancer Res 52: 1598-1605 (1992). Data points 
were reported as average tumor volumes ± standard deviation. 

The results of this study are shown in Fig. 1 . Antisense IGFBP-5 ODN 
treatment delayed recurrence of AI tumors compared to mismatch control ODN 
treatment. Although AI tumors recurred in all mice in both groups during an 
observation period of 60 days post-castration, median time to first palpable AI 
recurrence increased by 25% from 28 to 35 days in mice treated with antisense 
IGFBP-5 vs mismatch control ODN. Mice required sacrifice when tumor mass 
increased above 3 cm 3 or 10% of body weight. Grow th of recurrent AI tumors w as 
substantially inhibited in antisense IGFBP-5 ODN treatment group compared to the 
mismatch control ODN group Time to sacrifice of mice w as significantly prolonged 
in the antisense IGFBP-5 ODN treatment group, all mice required sacrifice in 
mismatch ODN group after a median of 53 days compared to only 1 of 8 mice in 
antisense IGFBP-5 ODN treatment group after 60 days (p<0.05). 

Example 2 

To examine the effects of in vivo ODN treatment on levels of IGFBP-5 
mRNA, Northern blot analysis was performed on Shionogi tumor tissue from mice. 
Mice w ere treated daily, beginning the day of castration, with 15 me "kg of antisense 
IGFBP-5 ODN (n 3 > or the mismatch control (n ~3) by intraperitoneal injection. On 
the fourth day after castration, tumor tissues were harvested and analyzed by Northern 
blot for IGFBP-5 mRNA. Antisense IGFBP-5 ODN resulted in a 61% reduction in 
IGFBP-5 mRNA levels in Shionogi tumors compared to mismatch control ODN 
treated tumors. (Fig. 2). 
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EX A MPLE 

The sequence selectivity of the antisense IGFBP-5 ODN (Seq. ID. No. 1) was 
confirmed by comparing expression levels of IGFBP-5 mKNA in Shionogi tumor 
cells maintained in vitro, after treatment with varying levels of antisense IGFBP-5 
ODN (Seq. ID No 1 ) or a mismatch control (Seq. ID. No. 12). To facilitate uptake of 
the ODNs into the cells, the ODNs were formulated in a cationic lipid carrier 
(Lipofectin™, (Life Technologies, Inc.)). Cells were treated twice over a period of 
two davs using the following protocol. Cells were preincubated for 20 minutes with 4 
ug/ml of lipofectin in serum free OPTI-MEM™ (Life Technologies, Inc.) and then 
incubated with the medium containing the selected concentration of ODN and 
lipofectin for four hours. The medium was then replaced with the standard culture 
medium described in Example 1. 

The amount of IGFBP-5 mRNA in the cells was evaluated using Northern blot 
analysis. As shown in Fig. 3, daily treatment of Shionogi cells with antisense IGFBP- 
5 ODN (Seq. ID No. 1 ) at levels of 50, 100, 500 or 1000 nM reduced IGFBP-5 mRNA 
levels in a dose dependent manner by 0, 7, 54 or 83%, respectively. In contrast, 
IGFBP-5 mRNA levels were not a fleeted by the mismatch ODN (Seq. ID. No. 3> at 
any of the employed concentrations. Thus, the affect of antisense IGFBP-5 ODN is 
apparently sequence specific. 

To further analyze the specificity of antisense IGFBP-5 ODN, Northern 
blotting was performed alter treatment of Shionogi tumor cells with 1 uM antisense 
IGFBP-5 ODN (Seq. ID. No. 1 ) to quantify changes in expression other IGFBP 
UGFBP-2, -3, and -4) genes, which share significant sequence homology with IGFBP- 
5. Antisense IGFBP-5 ODN markedly reduced IGFBP-5 mRNA expression, but no 
effects were observed on IGFBP-2, -3, and -4 expression levels. Collectively these 
data demonstrate that antisense IGFBP-5 ODN used in these studies induce sequence- 
specific, eene-spccific, and dose-dependent downreguiation of Us target gene 

EXAMPLE 4 

To determine the effects of antisense IGFBP-5 ODN on cell proliferation, we 
treated Shionogi tumor cells once daily with either 1 uM antisense IGFBP-5 or 
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mismatch control ODN for 2 days, and determined cell number over a 72 h period 
Antisense IGFBP-5 ODN treatment of cells resulted in significant inhibition of 
Shionogi tumor cell proliferation over this 72 h, whereas cell growth was not 
influenced by treatment with mismatch control ODN (Fig. 4). 
5 Hie effects of antisense IGFBP-5 ODN on cell proliferation were also found to 

be dose-dependent over a concentration range between 100 and 1000 nM (Fig. 5). 
These antiproliferative effects were directly correlated with the degree of IGFBP-5 
mRNA reduction in Shionogi tumor cells by antisense IGFBP-5 ODN. In contrast, no 
significant effects were observed on cell proliferation with mismatch control ODN at 

1 0 any of the employed concentrations. 

To exclude the possibility that antisense IGFBP-5 ODN acted as a cell death 
factor through induction of apoptosis, the number of live and dead cells were counted 
after antisense or mismatch IGFBP-5 ODN treatment, live and dead Shionogi cells 
from each subculture were counted using trypan blue 4S h after ODN treatment, and 

l - the ratio of dead/total cells was calculated. Each assay was performed in triplicate. 

The observed ratio of dead cells to total cell number of antisense IGFBP-5 ODN- 
treated cells was not significantly different from that of mismatch control ODN- 
treated cells (Fig. 6). Hence, differences in cell number after antisense IGFBP-5 
ODN treatment are not the result of enhanced apoptosis 

20 

E XAMPL E 5 

To analyze the relationship between IGFRP-5 and IGF-I in the regulation of 
Shionogi tumor cell growth, the effects of antisense IGFBP-5 ODN treatment on 
Shionogi tumor cell proliferation with anti-IGF-1 antibodies and/or recombinant IGF-I 

25 were evaluated. In a first experiment, the in vitro effects of antisense IGFBP-5 ODN, 

anti-IGF-l antibody (Upstate Biotechnology. Lake Placid, NY I, and or recombinant 
IGF-I (Sigma Chemical Co., St. Louis, MO) on growth of Shionogi tumor cells w ere 
assessed by the MTT assay as described previously Mivake. et al.. Oncogene 16: 
933-943 (1998). . Briefly, 1 X 10 4 cells were seeded in each well of 96-weIi microliter 

30 plates and allowed to attach overnight. Cells were then treated once daily with various 

concentrations of ODN for 2 days in the media containing 5 n\! recombinant IGF-I or 
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10 jig ml anti-lGF-1 antibody. 4$ h after ODN treatment, 20 ul of 5 mg/'ml MIT 
(Sigma Chemical Co.) in PBS was added to each well, followed by incubation for 4 h 
at 37°C. The formazan crystals were then dissolved in dimethyl sulfoxide. The optical 
density was determined with a microculture plate reader (Becton Dickinson Labware, 
5 Lincoln Park, NJ) at 540 nm. Absorbance values were normalized to the values 

obtained for the vehicle-treated cells to determine the percent of survival. Fach assay 
was performed in triplicate. 

As shown in Fig. 7, recombinant IGF-1 increased Shionogi tumor cell 
proliferation, while anti IGF-1 neutralizing antibodies inhibited Shionogi cell growth 

10 by 60%. Furthermore, inhibition of cell proliferation by antisense IGFBP-5 ODN 

could be reversed by exogenous recombinant IGF-I treatment. Addition of antisense 
IGFBP-5 ODN with anti IGF- 1 neutralizing antibodies did not add to the inhibitory 
effects of anti IGF-1 neutralizing antibodies alone. Collectively, these Findings 
support an enhancing and IGF-I-dependent effect of IGFBP-5 on the cell proliferation. 

15 Because MAPK is one of the most potent pathways for IGF-I signal 

transduction, we measured the effects of antisense IGFBP-5 and anti IGF-1 
neutralizing antibodies on MAPK activity in Shionogi tumor cells. Mitogen- 
activeted protein kinase (MAPK) activity was measured using a MAP Kinase Assay- 
Kit (New England Biolabs, Beverly, MA). Briefly, the ceils were washed with PBS, 

20 lysed in lysis buffer, sonicated, and microcentrifugcd for 20 min at 4°C. The 

supernatants was incubated with 1 : 100-diluted anti-phospho- MAPK antibody for 4 h. 
Protein A-agarose beads were then added and incubated for another 3 h. The pellets 
were washed twice with ice-cold lysis buffer and twice with kinase buffer. The pellets 
were incubated with 100 mM ATP and 20mg/ml Elk I fusion protein, a substrate of 

25 MAPK, for 30 min at 30°C. Samples were boiled, separated by electrophoresis 

through a 1 0° b SDS-polyacrvlamide gel, and transferred to polyvinylidcne difluoride 
membranes. The membranes were mcubated for 1 h at room temperature in blocking 
buffer, and then probed with 1 : 1 000-diluted anti-phospho-Flk 1 antibody. After wash, 
the membranes were incubated with a 1 : 1 000-diluted horseradish peroxidase- 

30 conjugated anti-rabbit immunogrobulin. The immunoreactivity of phosphoryiated 

H lk 1 was determined using an FCL chemiluminescence kit. 
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Observed changes in MAPK activity mirrored changes in cell proliferation 
induced by these agents; that is, antisense IGFBP-5 ODN reduced MAPK activity, this 
antisense IGFBP-5 -induced decrease in MAPK activity effect could be reversed by 
recombinant IGF- 1, and antisense IGFBP-5 had no additional inhibitory effect on 
5 MAPK activity when the mitogenie effects of IGF- 1 were neutralized by anti-lGF-1 

antibodies. 



Example 6 

To examine effects of changes in IGFBP-5 expression levels on cell cycle 
10 regulation, flow cytometric analysis was performed in Shionogi tumor cells. The flow 

cytometric analysis of propidium iodide-stained nuclei was performed as described 
previously Miyake, supra. Briefly, Shionogi tumor cells were plated at a density of 5 

v mfi ~ : c ^^a *~„^ + ^a a^^^^u^a ^u„,,^ tt, ^ n ♦ j 

48 h after ODN treatment, washed twice with PBS, and fixed in 70% ethanol for 5 h 
15 at 4°C. The fixed cells were washed twice with PBS, incubated with 1 ug /ml RNaseA 

(Sigma Chemical Co.) for 1 h at 37°C and stained w r ith 5 ug/ml propidium iodide 
(Sigma Chemical Co.) for 1 h at room temperature. The stained cells were analyzed 
for relative DNA content on a FACScan TM (Becton Dickinson Labwarc). 

As shown in Fig. X, decreases in IGFBP-5 levels induced by antisense IGFBP- 
20 5 ODN treatment resulted in G 1 cell cycle arrest, thereby reducing the fraction of cells 

in the S + G2/M phases by more than 50% compared to mismatch control ODN 
treatment. 
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Fxample 7 

To identify appropriate antisense IGFBP-5 ODN sequences for use in human 
therapy, antisense ODN sequences directed against 10 different sites of the human 
IGFBP-5 gene (Fig. 9, Seq. ID Nos. 2-1 I ) were synthesized and tested for their ability 

5 to decrease IGFBP-5 gene expression in human prostate cancer PC3 cells and 

LNCaP/Tl (LNCaP cells stably transfected to overexprcss IGFBP-5) in in vitro cell 
culture. The results are summarized in Fig. 10. As shown, Seq. ID Nos. 3, 4 and 10 
are active for reduction of IGFBP-5 expression, with Seq. ID No. 3 having the greatest 
potentcy. These three sequence overlap with or are immediatley adjacent to the 

10 translation initiation or termination sites. 



Fxample 8 

Metastatic prostate and breast cancer frequently invade bony tissue. Treatment 
of such metastases is very difficult, and progression of the cancer into the bone 

1 5 generally indicates a poor prognosis for long term survival. Thus, it would be 

desirable to have a methodology for inhibiting or delaying this progression. It was 
logical to assume that since IGF- 1 and IGFBP-5 arc important factors for growth of 
IGF- 1 sensitive cancer, including in particular prostate and breast cancer, that the 
presence of high levels of IGFBP-5 in bone could be an important mechanism for 

20 promoting the growth and progression of metastatic lesions. Accordingly, Western 

analysis was performed on samples of primary human bone tissue obtained from 
patients suffering from metastatic prostate cancer. This experiment confirmed the 
presence of high levels of IGFBP-5 in bone. Inhibition of these levels using antisense 
IGFBP-5 ODN in accordance with the invention should provide an effective therapy 

25 for inhibiting or delaying the progression of metastatic lesions in the bone. 
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CLAIMS 

1 . A composition tor treatment of hormorac-reguiated cancer comprising an 
antisense oligonucleotide which inhibits expression ofIGFBP-5 bv hormone- 
regulated tumor cells. 

2. The composition of claim i, wherein the antisense oligonucleotide is 
complementary to a region of IGFBP--5 raiRNA including the translation 
initiation or termination site. 

3. The composition of claim 2, wherein the antisense oligonucleotide comprises a 
series of contiguous bases as set forth in SEQ ID No. 3, 4 or 10. 

4. The composition of claim 2 or 3, wherein the antisense oligonucleotide has a 
length of from 1 5 to 30 nucleotides. 

5. Use of a composition according to any of claims 1-4 in formulating a 
pharmaceutical composition for delaying progression of hormone-regulated 
tumor cells to an androgen- independent state by treating hormone-sensitive 
tumor ceils wun an antisense oligonucleotide which inhibits expression of 
1GFBP-5 bv the tumor cells. 

6. The use of claim 5, wherein the tumor cells are prostatic tumor cells. 

7 The use of claim 5. wherein the tumor cells are breast cancer cells. 

S. Tse o f a composition accord in a to anv ('tel. urns 1 m formulating a 

pharmaceutical composition iTr heating a iiormone-respor.sive cancer in an 
individual suffering from aorrnoiic-responsr. e cancer, wherein the 
pharmaceutical composition is administered to the individual after initiation of 
hormone-withdrawal to induce apoptotic cell death of hormone-responsive 
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cancer cells in the individual, and thereby delays the progression of hormone - 
responsive cancer cells to a hormone-independent state in the individual. 

9. The use of claim S. wherein the hormone-responsive cancer is prostate cancer. 

10. Use of a composition m accordance with any of claims 1-4 in formulating a 
pharmaceutical composition for inhibiting or dela\ing metastatic boney 
progression of an IGF- 1 sensitive tumor m a mamma by administration of the 
composition to the mammal in an amount effective to inhibit expression of 
IGFBP-5 by the hormone-responsive cancer cells, thereby inhibiting or delaying 
metastatic boney progression of the tumor. 

If. The use of claim 10, wherein the IGF- 1 sensitive tumor is a prostate cancer, 
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SEQUENCE LISTING 

OK > The University of British Columbu 
G leave, Marti" 
Miyake, Hideaki 

<l2:-> ArXisev.se Inerapy for Horx.or.p-Regulated Turners 
•:13 :.• hC-172-H 

*:14n • FCT/CA00/00853 
<14 ! • 2CJ0-07-1 J 

<15' ! .- US 63/144, 495 
< 151 ■ 1999-07-19 

• 16C:< Gb 

*'17C:> Patently version 3.0 

■'211 > 1 

'211 > 18 

2 1 ? ■* DNA 

2 1 Z* - murine 

<:220.> 

<-221> antisense IGFBP-5 c 1 1 godeoxynuc] cot ide 
<222^ (1 ) . . 118) 

< 0 0 -> 1 

gaccacgctg atcaccat 

<21Cv 2 

< 2 1 1 > 13 
<212v DNA 
<212' human 

<22C-- 

<221 - antisense I3P3P-5 oliccde-jx vnucleot 1 do 
<222 - (1 ) . . (18) 
<400> 2 

gt. eg >:cccct ttacrtcg 

<210- 3 

<211 • 18 

<212 - DNA 

<:n human 

< :20 - 

•:221> T T? P -• " o 1 i ~eox\ r.u _ . e _ t : • 

222 ■ ; 1 ; . . ; 1 S i 
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<4CC > 3 

cgcgrjt rjaqc aacaccat ]£ 

<21C • 4 

<*J11> 13 

<212 • DNA 

<2 IV- human 

<22C • 

<..2 I ■ antisense IGFBF-5 ol i gccecxynucleot ide 

<222 ■ II) . . (13) 

<400 ■ 4 

aqqtrntqca gcagccgo \$ 

<21C- 5 

<21 1 • IB 

<212 • DNA 

<213.- hurr.an 

<22C ^ 

<221'- antisense IGFBP-5 ol i gcdecxynucl eot ide 

<222 - (!) . . (18) 

<400- 5 

qctcgcggtd ycictttt 1H 

<210> 6 

<211- 18 

<212> DNA 

<213> human 

<:220> 

<221 • antisense IGFBP-5 oiigcdecxynucleot ide 

<222-- (1) . . (13) 

<400 ■ 6 

tel.*. \ct ccy gtccztct iy 

<210> 7 

<:211> 18 

<212> DNA 

<213> human 

<400.* 7 

tgcgtgggct ggctttga X8 

<210> 6 

<211 • IP 

<:2:;:> dna 

<:213 • h.;r.an 



antisense IGrBP-5 ol : nc do r.xyn jcI eo: i do 
(D • . (IB) 
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<4 00 > B 

cgtcaacgta ctccatg;: 13 

<210> 9 

< 2 1 1 - It 
<212-> DNA 

< J 1 J - human 

<220 - 

< 2 2 1 antisense IGF3P-5 olicodeoxynuci e ct lde 

( i :■ . . { 1 3 ) 



- ■> ■) 



<4 00 • 9 

a^agtuag ggaaaggt ie 

<210- IC 

<2 i i • 18 

<2 12 • DNA 

<?. 1 3 ■ human 

<220 * 

<: 2 2 1 - antisense IGFDP-5 cl igoaecxynucleot ide 

<222 ■ (1 ■ . . {13) 



tcaaatagat agatatat \q 

<21Ct - 1 i 

<2il- 18 
<2i: DNA 

<21o.-» human 

<220-> 

< 2 2 1 ^ antisense IGFEP-5 oligcdecxynucleot ide 

<22_> (i; . . (18) 

<4 00 - 1; 

tacacaaaca cttccttc \ p 

<210 • 12 

<211 18 

<212 .- DNA 

<21j> t. urine 

<220~> 

<221> mismatch control 

<222:> C) . . (18) 

<400> 12 

gjccdcgct: anaccat \- r , 

<:: : i( ■ : > 

<21l:- 3415 

<2\2.> DNA 

<213> murine insui in- 1 i Ke growth factor binding pr\nto:p.-5 
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<4CC> 13 
gcagt ct ct t 

tttccrcctt 

tcacgcagaa 

tggtgaggtc 

ttgtcagccg 

cgaqcgqaqt 

atttttttct 

gagtgagcaa 

ggggt tt ct a 

caacctgttg 

c ::t tgcct ca 

aaaaggaaaa 

cccgagqt aa 

gcctatgccg 

aaagctct gt 

t gtggctgct 

cgctgcgccc 

ctgctccacg 

agagact c t c 

cccaacgtet 

aaggaccgca 

caccccagag 

agacacatgg 

gtgtacrt gc 

a tggact aca 
cgcctcj::*. 



t g g a a a e 1 1 c 

tttgtt rctt 

cctgcgggtt 

tggytttttg 

ccgacgrctc 

qgqgtt gcgt 

tcacctcc:c 

ttctgtggtt 

cggtctccgc 

raagtcttta 

tattttgcaa 

aaatcr.i.:caq 

agccagact c 

taccggct ca 

ccatgt gtcc 

gcatgactt g 

agggtt tccg 

gccgcggggt 

ggqaacacca 

:cccgcccaa 

gaaagaagct 

tcatccct gc 

aagcttccct 

ccaact gt ga 

a a c 7 r g c c n t 

tccat gggga 



taaaagagct 
t t t gt taccc 
tcgaagaggt 
ccctitttcc 
ttacctgttc 
tttagatttt 
ccttttcaag 
ct ctccacca 
tcgctctgcg 
atcctcgcaa 
gt.gtttgggg 
q c t. ccct^U 
c g a q a a a a t g 
aggcctgggc 
ccccagccct 
cgccctggcg 
ctgcctcccr 
ttgcrtcaa - 
gqa a c ccacc 
gcacacccgc 
gacccagtcc 
acctgaga t c 
ccaggagtt c 
ccgcaaagca 
ct^ct gqt ct 

ccc;a:c:r a 



aggaaagagc 
cccccetcgg 
ggt gacagag 

tycggcagua 
aagcaaaggg 
grct ccaa gc 
ccacccccaa 
tgcacctggc 
t tgggact. t g 
yagagcacct 
tctccacar.:a 
qtqat cagcg 
t ct 1 1 cgt gc 
ct gggct gt g 
gagggacagt 
cggcaggatg 
gaaaagagct 
a c c t c c q a q a 
atttccgagc 
aagtttgtgg 
agacaggaat 
aaagccagcc 
1 1 c t acaaga 
ctqqacaagt 
car direct rg 
c c j r j c : . i g 



tgcaaagctg 
tctgcaccct 
c a g g t g 1 1 g g 
t raacattt t 
gcqcaqct.gq 
gggaaaatt a 
taattattt r 
ttctgaccr g 
gcgcctctt t. 
cqt.gcaqgca 
grt rt acct q 
:r cteqet ct 
t ggtcctccc 
actgtgaacc 
agctggtcaa 
cgtgt gqcqt 
aggagaagcr 
aeggegagea 
tggct gaaga 
tgaaggctga 
ggggt gcaga 
ccgaacaaqq 
cacgcatgqt 
gaaaqcagtq 
segqaatcaa 




tttgggcttt 

trtceggart. 
ggtccagqtt 
cccqatcttg 
c c q c t g a g a c 
agcccaatcc 
tgttgctttg 
atcccgcctq 
t 1" t *. cacccc 
tet qaatcct 
caagagattt 
cctgcccca c 
gctgctggcc 
c t gcgacgag 
agagecegg c 
ct acaeggag 
g.^t gcacccc 
aaccaaca t a 
gacctact r r 
gcctgtgaag 
gaacacrqc:: 
cccctqccgc 
gccccgt grt 
taagcect cr 

c~rnqrgrrt 
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ccctccaccc caggac^tca c:ca:::car. ctcatt. tagg ggaaatatat aracatatat 1630 

at ttgagciaa actgaggacc tcqgaatctc taqcaagggc raaggagara ctccccacca 1740 

tgacccccca aatgtattcc trrttgaacc aagttgaacg gacacagaag ggaaggagag 1900 

aagaagcaag agggagcgag agatggaaag aaagcaaagc gttggaatag aggaaaaqa:; 1360 

ggaagcacag at3ggattag agagagaaga gagaaacagc aaggcagaaa qq^ 1 ccacn 1320 

accaaggctg aatztgczcz tttgctttca g^cct-agcci ggggtcagaa aaagtatgcc 1333 

attcagtqar :i"cr:agr.r ta gatt.qqtcaa qgggagaaaa qaaacaaggt gtstcagtgc 234 0 

ctctcgggtc tqt: crcccrcc tqcagccaq- aqtgcggatg gctagacccc tcaccctcct 2100 

ctcctcttac ezaagtgcag ggtcat t tea tccccaaatt tacaaagact aaaatgcatt 2160 

ccatccctct gaaaataaac aaaagtgagt gattgaagat aggttttccc ccaqcagaca 2220 

agtgaact-a gaatgtgtcc aaattttact cttgttaaag atttttttaa gaagtcaqra 2280 

cgcaccccca acactggaaa gacttgattc tccagggtga caagcaattc agaaqcgcgt 2340 

ggcttcgg:::: c t ga 1 1 1 ca :: t a ga r.t caa aqctgqcccg gcagcctctg tggaggagga 2 400 

tgacaqgtgq agaaaaccaa ggggcttgta ctcacccaca agactccatg tagactttat 2-160 

aggcatataa atctattttr tttacctttt tttccctttc cctttctttc gaagttttgc 2">20 

attacctctt taaagtaqtt ttttttagga cactgaagat cttcctcatt ctgggaaaaa 2580 

tccatatttc acaaatacaa cccagaacgc cagcttggcc tgcgtccagg cagcctttct 2540 

cgtgagctac aagtctggct cttttgtggg ccaccgattt ggatcttct c atgattccaa 2700 

acgtgtgttg aagtcaatcc accaagccag gtaactqcca gcacccaagg gtgcatcaag 27G0 

tgcatagccc: aqrcac^cc a:"caqcct tccaacccgc agaaagtaac tgtctcacac 2320 

cacaccacn: aaarctgrra gatccatctc taacccactg gcctgcccac accttttttt 28r0 

cccatctgca tttttttttt tgaactgcat tttgaaagcc tccctcagat gccaggctga 2940 

cagatcagag agaaactaac atgagagatg acagaggagg aggaagtgga gggtgggggc 3000 

agagacttcc acacagagac atagaacatg gagcagaggt ~tgggggtgc ggaggacaag 3060 

aaagagacaq .iCaqaggdaa atac:caarag a a 1 t t f r-:t: t. ggtgtctccc 3t:taat:aa 3120 

ct rt na.-ia • * * : rja ; j r-.^inca-rn- ag^ggaagaa zttgaggtag aaatga^g;.- -irO 

agtteaagv: acacggccca gatggtgggt aactgaggca ggatccaaaa aaaatri::^,) 32 40 

tgctttttae tcctgaaaca gattgaaaaa aaaa::gaac aacaaaccag tttgtgaaaa 33CO 
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aaaaaaatgg gaaaaaaaat caccccgatg tggaayaact cgg-jt zczzz ttaccatttt '^60 
ggtacttaag gaaataaaaa agaaaaacit. ygaauatct;.: acattttatt acaaaatga 3-119 



<21C 

<:'ii 
<:i2 
<:i3 



• 1612 
> DNA 

human insulin like growth factor binding piotem-5 



<4CC> 14 

ctctcctgcc ccaccc::gag gtaaagqqgg cgactaagag aagatggtgt tgctcaccq^ 60 

gctcctcctg ctgctqgccg cctatgcggg gccggcrcag agcctqqgct crttegtgca 120 

ctgcgagccc tgcgargaga aagccctctc catgtycccc ccc.iqrcccc tqggctgcga 180 

gctggtcaag gagccgggct gcggctgctg catgacctyc gccctggccg aggggcagtc 240 

gtgcggcgtc taca=cgagc gctccgcccd gggy::tqcqc tgcctccccc ggcaggacga : : 0C 

ggagaagccg .:tgcacqccc tqctqcacqy ccgcrgqggtt tgcctcaacg aaaagagcta 760 
ccqcqagcaa qtcaayatcg aqaqaqactz ccqtqaqcac qaacjayccca ccacctcr n.-i 

qatggccqaq qaqacctact cccccaagat cttccggccc aaacacaccc yeatctccga 480 

gctgaacgct gaagcagtga agaaggaccg cagaaagaag ctgacc:~agt ccaagtttgt 540 

cgggcgag-c gagaacactg zzzaczzcz? gatcatctct gcaectgaga tqagacagga £00 

gtctgagcag ggcccctgcc gcagacacat ggaggcttcc ctgcaggagc tcaaagccag 660 

cccacgcatg gtgccccgtg ctgtytacct gcocaattgt gaccgcaaag gattctacaa ".'20 

gayaaaycay 'qcaaacctt: — cytyqccq caagcgtggc atrtgctggt gcgtggacaa ^30 

gtacgggatq aaarty — aq gcatggagta cgttgacggg gactttcagt g-cacacctt 340 

cqacagcagc aacyttgaqt gatgcgtczc cccccaacct ttccctcacc coctcccacc 900 

cccaqzzccg actccagcca gcgcctccct ccaccccagg acgccactca tttcatctca 9»60 

tttaagggaa aaatatatat ctatctattt caggaaactg aggacctccc aatctctagc 1020 

aagggctcaa cttcgaaaa:. ggcaacaaca gagatqcaaa aagctaaaaa gacacccccc 1080 

ccctttaa.it ggttttcttt ttqaqgcaag ttggatgaac agagaaggga agayaggaag 114C 

: • " ^ < : v: :aa-a- tgtgtagaaq a,;ag.: i-qaataqag 12CC 

ttaqqaasa~ Bagacaacc aggtgggcay gaaggacatg c^ccqaqa — aggcaggggc 12tD 

ccaartttca zjzzzzqzzc tggcctgggg tcgyyayayq :ygc;rq::tag aagatgcagc 1320 
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ccaggargtg gcaatcaat 3 acactattcg ggtttcrcag gatgcattcc tcjgggcgag 13B0 

aaaqqaaaac qcaaaa ::a coaggacctc tec egg a t u:: gtctcct net ctngccagea 1440 

gtatggacag etggace:_;et t}<A,icl\ccic Icctctta:^ tggqcacact qttgtetcte 1500 

cccaaattta taaaaaetaa aa:qca:tcc at t eet rtga aaqcaaaaca aattcataat 1560 

tgagtgatat taaatagaga ggttttcgca agcagatctg tgaatatgaa at 1612 



<210 
<2 1 1 

<:i3 



n 

2C 

DKA 

hur.an 



<220- 

<22l 



artisonn-? IHF3P-S ol icodocxynucleot ide 



':400 ■ 1 5 

tt"tttttt ttttttcaaa 



2 0 



:2lo 
211 

:212 

:21 3 



l(: 
2 G 
OKA 
hur.an 



<22C ■ 
^221 



art iscnso TGFBP- 5 ol i qodeexyrr.ieleot i de 
(1) . . [20) 



< 4 0 0 • 16 

a:ga:acata tatatttttc 



210 
211 



2 0 

DKA 

hur.an 



< 2 2 0 
<221 



t i sim.se IGFBP-5; oi; gc;iooxy::ucieot.ide 
(1! - - (20) 



ccttaaatca gatgaaatga 



<L10: 
< 211 



18 

2C 
DN A 
hur.a.i 



20 



■:22 0" 



~_ : gnd^cxvnwc 1 on: i do 



;i; . . ;20) 
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<400> 1'6 

gtggcgtcct ggggtggagg 20 

<21C- 19 

<211 ■ 20 

<212 ■ DNA 

-•:213 • huxan 

<220 - 

'-'221- antisensc THFBP- 5 ol : indeoxynucleot ide 



gaggcgctggctggagtcgg 2C 

<210 • 2 0 

<211 ■ 20 

<212 • UNA 

<2 1 3 - h xman 



221- antisonsc ICFPP-5 nl i qodeoxynucleotic 
'2.. • : 1) . . (2C) 



'■100:- 20 
ggctqggggt c 

OlC- 21 

<211> 20 

<212-- UNA 

<2 1 3 ^ Human 



cggacggggt 



<2Z0> 

2 21.- a ntiser.se IC FBP-5 o 1 i q o de o x y n i: c 1 c o 1 1 do 



•••ice < 2: 

gagg^aaaqq tfggqggggg 20 
••21C • 22 

vr::.- 20 

•'■212:- DNA 
< 2 1 3 human 



* 2 2 0 > 

<221> antisense IGFBP-5 o 1 i gorieox ynuc I ect i de 
<-222> ( 1 i . . (20) 

<'<1C2> 22 

acgcatcact raac^tta c t 



<-212:> ::na 
<2 2 3> human 
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220> 

22 1> ant: is-^ise IGF3P-5 ol iqoaecxyrvjcleot ide 

22 2-- 2 o : 

4 0 0 > 2 3 

c;catca:t ^aacgttgct 2C 

21C * 24 

211 > 20 

2 1.. - DMA 

212 • rrjjnan 

22C ; - 

221 ■ r.tiscnse IGFRP ■ c 1 1 godecxynucleo: ide 

2.:. ■ ( 1 ) . . (20 ) 

AU • 24 

aaa;tc:cc gtcaacgtac 20 

211- lb 

211 • 20 

_12'- DNA 

212 ■ human 



22'. • jnt i^er^e TCF3F- 5 nl iqodecxyr.ucieot ide 

222 • ;l) . . (20) 

4 00 ■ 25 

ccaigcctg gcagrrt teat 20 

2:0 ■ 26 

211 • 20 

212 ■ ONA 

213 • huT.an 



:rit.:scns!j IGFBP-S oil godooxynucleot ide 



4 0ij> ^6 

teg: act tg tccacgcacc 



2C 



210: 
211: 



212- DNA 
21?.- human 
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human 



<221> antisense IGFBP-5 cl i godeexynu-lcot ide 
<222 • Ci . . (20) 



<4CC- 2? 
ccacgygaag 



t ttgcactc 




humar. 




antisense IGF5P-5 ci i godeoxynu~leot ide 

;] ) . . (20) 



<4f o- ■ r<> 

ctttctcttg 



atgaatcctt 



<210> 
<2I1 



<212 HMA 

<2 1 j.'- human 

<220> 

<221> antisense I0FEF-5 ol igodeoxynucleot i dc 

<222:- H ) . . (20) 

<4 00.> 30 

tgeggtcaca attggccacg 20 



<221 * antisense TGFPF-5 ol i godeoxynu z Leot i de 
<222:- (1) . . (20) 

<4 0(h- 31 

tacacagcac ggggcaccat 

■:210 • 3 2 
■:2i 1 • 20 






antisense I3F3P-5 ol igodeoxynucleot ide 
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<222> Hi.. (20) 
<40G> 32 

ccqt :;'jgc:r.g get tt gage t 



20 



<21C> 33 

<211> 20 

<21?> 2'NA 

<212:> human 

^22C> 

<22:> antisense IGFBF- 5 oligodeoxynucle ~t ide 

< 222 • ;i ) . • (20 i 

<4CC> 33 

cct c:r:acjtjqa agcc t tc;a t g 20 

<■ 2 1 0 : - 34 

<':n> 20 

<:i2:> DNA 

*-212:- human 

<22C:- 

''221-' anti? f:3n ^p T3FBF-5 cliqodeox ynuclcot ide 

<:::> (ii . . (20) 

<400.- 34 

tqtct.gcggc aggggccctg 20 

<210> 3.S 

<211^> 20 

<212> DMA 

<2 1 2-> human 

<220> 

-'221* antisense IGFBF-5 o 1. i godeoxynuclect i do 

<22T> fl) . . (20) 

< 4 0 C * ?o 

c;.Cc.gacLcc tgtctcatct 20 

<210> 36 

<2L1 > 20 

< 2 1 ^ 2)NA 

<213> human 

<220~> 

<221^ antisense I2FBF-5 ol igodeoxyr.uc 1 ect i do 

< • :i> . . co 

- o o ■ 3 6 

<21C • 37 
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<211'> 20 
<:iZ > "NA 
w 1 J • rvjLTian 



<221> antisense IGKBP-5 ciigodeoxynucleotice 

•^22 > 1 1 ) . . (20) 

- <3C0 > 37 

gggr. jggcag tqttctcggc 20 

-.210 - 38 

• 2 0 

-212 ■ DMA 

«* J 1 i - human 



*22i- antisense IGF3P-5 oligodeox ynucleot ide 
<222 (1 ) . . (20) 

<4 00- 38 

l.cccccqacd .aarrt tqqact 2 0 

. - ■> i f . -j n 

-'211 • 2C 

-.21: DN T A 

* 21j ■ human 

<'22(::> 

<221-- antisense IGFEF-5 oligodeoxynucleotide 

<222> (1) . . (20) 

<ACC> 3 0 

ggctcagctt ctttctgcgg 20 

••2ic • 4 

• 20 

' 21 ; • ON A 

< 2 1 2 ' human 



antisense IGF3P-5 oligodeoxynucleotide 
(1)..(20) 



<400> 40 

tcct tcttca ctgctt eager 

< 2 10* 11 

< 2 L 1 > 2 C 



•'.2 J * 

<221> antisense I GFEF- L> ciigodeoxynuclLotude 
<222 > (i; . . ;20) 
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<4 0Cr* 4 1 

cttcagctcrg gagatqcggq 

<2lC-> 42 

<:.:il> 22 

-'212- SNA 

< 213 » human 



<221> antisense TGFRP-5 c 1 igodocxynucleot ide 

> i 1 ) . . (20) 

<.4cn.> 42 

tgtgtttggg ccggaagatc 

•UU- 43 

- ^12 • DNA 

< 21 3 - human 



• 220 



antiscnsr IGFPF-5 ol igodeoxynuc 1 eot ide 
(1) . . (2C; 



•:40<j * 4 3 

ttgggggagt aggtct ret r 

•:210- 44 

v2i:- 20 

<212..- DNA 

<2.13- human 

-220- 

•-222' antisense IGF3P-5 oligodooxynucleot ide 

-222> (1) . . (20) 

cgccatctca -aggtggtgg 

<Z10> 4 5 

•:r::.- 20 

^-212- DNA 

<213> human 

< 220.- 

<22l> ant 1 sense TGFBP-5 oligoaecxynucleot ide 

<.222> {l; . . ;20) 

«:4J(i - 4i 

«■:::>.• 4t 

v221> 2C 

<*.12> DNA 
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hunar. 

-:220 * 

<22l • antisense 13F3P-5 oliccdecxynucleot ide 
<Z22 • (i; . . ( 2 C ; 

<40C • 4 6 

tctct ctccn trrttqacttg 
<21C • 4 "7 

■:::n.- 2C 
<ci: - DNA 

0 1 ji ■ hunan 



<22I ■ antisense oil gcdeoxynucleot ide 

•■'22: c; . . ;20) 

<v,00 - 4 7 

cicccgqt ag ctctttteq: 

<21C > 48 

-.211 • 20 

<2ir» CNA 

*- 2 1 3 1 Munan 



-.221 > antisense IGFBP-5 c 1 igodeoxynucleot ide 
<222.* [1 ) . . (20) 

< 400'- 4? 

tqaq.7ca.1ac cccgcgaccg 20 

< 2 1 0 . ■ 4 9 
^211- 20 

• 212 > 2NA 

21."? - :iuman 

•-221 ■■ antisense IGFEF-5 oligodeoxynucleot ide 

<222-- ;:)..(20) 

<hOQ> 4 9 

tqcagcaqgg cgtgcaccgg 2 0 

<21C> SO 

-2i::- 20 

<212.- DNA 

- 212:- numan 

< 12C- 

^221 antisense ^Firir-: ■:■ i 1 a c d e c x v p, u c i e : t : c e 

•■-222 • ;1)..I2C) 
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'400 > 5C 

::tc '.cctcg tccL^cccc; 

:21c - 5: 

'211 • 20 
:2i: • CNA 
- 1. 1 .: • .Tainan 



22C 



an:isense IGFDF-5 ol i godeoxyr.uol ec t ide 



< 40C ■ 51 

gq.u:.:c:ag::g caijcccct^ 1 20 



'.11 ■ 2 J 
■212 ' 2Nr 



-.'213 
• : 2 C 



antisense ^3f3?-5 oliaoceoxyr.uclectide 
il)..<20; 



^cgjjg;:<jct ccgtgtagac 20 

1C ■ 33 
■ill- 2 0 



v 2 1 2 > ONA 
•■21 J"- human 



<22I ■ antisense IGFBP-5 o 1 1 qr:dccxyn::c ] eor ide 

<222 • ( 1 ) . . ;2C) 

gc;g;acgac tgcccctcgg 

<r;o • - h 

<Zil • 20 

<2*.2 • ONA 

13 - human 

<221-- antisense IGFEF-5 c 1 i godeoxynuc leot ide 

<222> (i; . . [20) 

<O0:- =.4 



hna 



15/13 



WO 01/05-435 



PnvCAOO'0085.1 



< 2 1 3 > r'.mar; 

< 2 2 0 > 

<221> antiser.se 2 3FBP-5 cligodeoxynucleot id? 

< 222> C:..(2G} 

raccr^ca j ~ cc:gc:ct c - t t 

< 2 1 0 :■■ 5 6 

<212> L>NA 

< 2 1 3 " human 



« 220 - 

*^'21> .in:, i tense 13FBP-5 ciigcdeoxynucleot ide 

<■:::.■■ ■: i j . . c 20 ) 

<"4 00> 5 6 



< 210 
<211 
".^12 
<213 



h-.iman 



< 220> 

<221> a.ntisense I^FDP-5 ciigcdeoxynucleot ide 

<Z22> ■. 1) . . (20) 

<4 00> 5 7 

ggctgggggg geacatggag 

<:io> 53 

<21l:> 20 

^212 * HNA 

■:21!3> huxan 

«: 2 2 0 > 

■:221 % antiser.se IGFBP-5 oiigcdecxynucleo: ide 

<222 > ) . . (20) 

<400> 58 

iigggcttt.ct cgtcgcaggg 

< 2 \ 0 > 5 9 
<Jil> 2C 
'212 > DNA 

• \ * i:. 



-.220 ■ 



<222 • ( 1 : . . : 2 2 ) 
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<40C> 59 

ctcccagtg:: -j-.: j.id'j^du j 

*21C> 60 

<211.> 20 

^212 * DNA 

■'21 - .'"luman 



•221' intisense oligodeoxynucleotide 
- 222 - ;i) . . (20) 

'4 00 > 6 0 

rc.i'-jq-t :tq ggccqqcccc; 

<■ :: io» hi 
20 

*;i2-- :)na 

•^13,' :iuman 



* ^21 • iintisense I3FBP-5 ol igodeoxynucleot ide 
v222 • ■ 1) . . (20) 

-400^ 61 

cnjat.iggcgg ccagcagcag ?o 

-.210:- t»2 

<211;> 20 

<212> DNA 

<213> human 

<-220> 

<221> antiser.se IGT3P-5 olicodeoxynucier tide 

<?22> (1) . . <2C) 

^400> f.2 

cagcjaccgcg gtgag~aaca 73 

^21C)> f.3 

20 

^212,- r-NA 

<21 j> human 

<220> 

<221> antisense IG?B?-5 cligcdecxynucleotide 

<?.22> (i ) . . (20) 

• 4 0"' • h - 

i :at t t 3 ^t :q:cc 7; 

'.71 .■: f.4 

< 2 1 1 > 20 

< 2 1 2 > L NA 
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<2l'S> h'iman 
<?2d> 



antisense IGFB?- - oi i godeoxynucleot ide 
(1) . . (20) 



< 400 ■ 54 

ccttt jcc-c ggggtgggcc 

<210 ■ 65 

<211 ■ 20 

<212- DNA 

<T 13..* human 



<223-- 

<221- antisense IGF3P-5 cl igodeoxynucieot ide 
022 ■ (1) . . (2C) 

<40Cr* 65 

aqqagagcga gagtgcaggg 



'lO • 66 

111.- 21 

::2 • dna 

^ J * 3 * nuraan 



2 0 



<220-> 

<221'> antisense IGFBF-5 oligodeoxynucleotide 
<222> (1) . . (21) 

<4C0^ 66 

gaccgcggtq agcaacacca t 



21 
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